Surface waters and urban drainage systems are mostly studied separately. However there are important interactions between both systems. Urban drainage systems might have an important impact on the surface waters, mainly at combined sewer overflows. On the other hand during periods of high water levels a river, the runoff from the urban drainage system might be significantly influenced by backwater, which increases the probability of flooding in the urban drainage system. For a proper estimation, these interactions must be incorporated in the modelling. This is not evident, because the modelling tools for both these systems are often hard to combine properly. To assess the probability of flooding for these kind of integrated water systems properly, it is necessary to use continuous long term simulations, because of the large differences in runoff characteristics. Detailed hydrodynamic models are not really fit for this because of long simulation times and high demands in memory and disk space. Therefore simplified conceptual models might be more useful. This paper describes the use of a conceptual model for a one directional coupling of urban drainage systems to river systems in order to make a better estimation of the probability of flooding for the river system.
INTRODUCTION
Surface waters and urban drainage systems are mostly studied separately. This is often because of the organisatio n of the water management. However there are important interactions between both systems. Urban drainage systems might have an important impact on the surface waters, mainly at combined sewer overflows. This interaction can be taken into account by using the outflows of an urban drainage model as input in a river model. On the other hand during periods of high water levels a river, the runoff from the urban drainage system might be significantly influenced by backwater, which increases the probability of flooding in the system. To take these effects properly into account, the interactions must be incorporated in the modelling. However, this is not always evident. Not only the management of urban drainage systems on the one hand and of river systems on the other hand might be different worlds, also are the modelling tools for both these systems often hard to combine properly.
Because of the large differences in runoff characteristics, the joint probability of extreme events for these kinds of integrated water systems (urban drainage and rivers) is not obvious (e.g. Dahl et al., 1996) . In order to properly assess the probability of flooding, it is necessary to use continuous long term simulations. The probability of extreme events on the integrated system is no t just the combination of extreme events of both individual systems. Extreme summer thunderstorms lead to peak flows on urban drainage systems with spillage at the overflows, while less extreme but longer and more extended winter frontal rainfall leads to high water levels in rivers. For brooks and small rivers, this distinction is even more difficult to make. When applying continuous long term simulations detailed hydrodynamic models are not really fit for this because of long simulation times and high demands in memory and disk space. Therefore simplified conceptual models might be more useful. This paper describes the use of conceptual models for a one directional coupling of urban drainage systems to river systems in order to make a better estimation of the probability of flooding for the river system. Another type of coupling of models for urban drainage on the one hand and river systems on the other hand is a bi-directional coupling. This is not possible for just any modelling software, except in rare cases, e.g. using Sobek (WLDH, 2002) , as e.g. applied by (Bolle et al., 2006; Kandori & Willems, 2008) . In order to make this possible for different modelling systems, the OpenMI tool has been developed (OpenMI, 2007) . This bi-directional coupling is mostly applied for detailed models (e.g. Neyskens & Smolders, 2007; Smolders et al., 2008) .
METHODOLOGY
When using conceptual models, there are two main needs :
• The model must have the proper model structure to be representative for the system • The calibratio n of the model parameter must be carried out well As for all modelling work the statement 'garbage in is garbage out' is even more valid for conceptual models. The thoughtless use of conceptual models might lead to inferior results and a distrust of conceptual modelling. The conceptual modelling system used is the Remuli model that was developed by Vaes (1999) (figure 1). This model has been built in into the Infoworks RS software since April 2005 (WS, 2005 . It is available in this Infoworks RS software under the name 'urban boundary'. More details on the application of the Remuli model can be found in (Vaes & Berlamont, 1998 , 1999 Vaes et al., 2002) .
The conceptual urban drainage model is calibrated using the output of the detailed hydrodynamic model Infoworks CS (2006a). The rural runoff to the river is modelled using the hydrological model PDM in Infoworks RS (2006b). (Vaes, 1999) .
This approach of combining models for urban drainage and rural runoff is applied on two real cases. The characteristics of these cases are :
• Urban drainage system of Erpe-Mere (Belgium) interacting with the Molenbeek river : o Urban drainage system with 56 ha of impervious area o The urban drainage system is situated relatively downstream in the Molenbeek catchment o The Molenbeek river catchment area is 57 km 2 o More details on the study of this integrated system has been published in (Vaes et al., 2002) • Urban drainage system of the city of Roeselare (Belgium) 
MODELLING RESULTS

Conceptual model versus detailed model
Using these kind of conceptual model decreases the simulation time drastically. When the conceptual model is applied well, the differences in results as compared with a hydrodynamic simulation are limited at the outlets of the system (e.g. CSOs) (figure 3). 
Comparison standard rural model versus integrated model
In this section the comparison is made between the standard rural model (PDM) applied on the total catchment (rural as well as urban in one lumped model) versus the integrated model using the PDM model for the rural part and the Urban Boundary for the urban part. The comparison of the flow time series in the Mandel River (figure 4) shows that large hourly peak flows can occur, which can be up to a factor 3 higher than what can be modelled with the standard rural model. However, the results in figure 4 are at the worst location where the river Mandel leaves the city of Roeselare. More downstream the effect decreases : for the daily flows (i.e. 24 hours downstream or approximately at the confluence with the Scheldt river (figure 5)), the differences have become small. Similar peak flows were observed for the summer peak events on the Molenbeek River (Vaes et al., 2002) . 27/7/00 3/8/00 10/8/00 17/8/00 24/8/00 31/8/00 7/9/00 14/9/00 21/9/00 28/9/00 5/10/00 flow (m However, these results must be looked at from a probability perspective. This gives different results for the two catchments :
• For the Molenbeek river (figure 6) : High hourly peaks are observed in summer conditions, which might be several times the rural runoff. These summer peak flows are however small as compared to the winter flows. For that reason, the probability distribution for the peak flows is dominated by the winter flows, on which the urban drainage system of Erpe-Mere has no significant influence.
• For the Mandel river (figure 7) : For the Mandel river, the effect of the peak flows from the urban drainage system of Roeselare on the total flow is much higher than for the previous case. The approximation that is done by only using one standard lumped hydrological model for the whole catchment (rural and urban) is leading to a significant underestimation of the peak flows, certainly in the upper part of the Mandel downstream of the city of Roeselare.
Another proof that an integrated model is really necessary for the Mandel catchment is the list of extreme events (table 1) . From this table it can be seen that the most extreme events that lead to flooding are not the same for both models. Moreover, if we take a look to the distribution of the 100 most extreme events for both models and how they are distributed over the year (which month), we see that the standard lumped hydrological model gives more preference to events in fall , while in reality (integrated model) more peak events will occur in summer. This fact that n ot the same events lead to critical situations in the integrated approach as in one of the submodels, is an extra proof of the necessity to perform continuous long term simulations for this kind of integrated models. 
CONCLUSIONS
The present study shows that simplified models for river and combined sewer system can easily and with good accuracy be used for integrated modelling purposes. An accurate statistical evaluation of the combined effect of two subsystems that behave extremely differently can only be done using continuous long term simulations. The simplified models must be physically based and have the proper structure in order to be able to represent the real system accurately. The calibration of the simplified models can be performed using detailed models. Also this calibration must be physically based using characteristic relationships between state and flow parameters and not only time series.
The simulation results of the integrated model of river and combined sewer system show that the influence of the CSO emissions is different for the two cases. For the Molenbeek brook the influence of the CSOs can be instantaneously important during summer periods, but are insignificant for the extreme discharges that cause flooding in winter periods. On the other hand, for the Mandel River, the extreme events are highly dependent on the inflow from the urban drainage system. The reason of this difference is mainly due to the differences in characteristics :
• The more upstream the urban catchment, the larger the effect • The higher the ratio between the impervious area of the urban catchment and the total catchment area of the river, the larger the effect For integrated water systems that are critical to these parameters, an i ntegrated conceptual modelling using continuous long term simulation is highly recommended, and worth the effort in order to better estimate the probability of extreme events.
